Background: Routine monitoring of patients' clinical and physiological status by nurses includes the use of vital signs (observations) charts for recording findings. Charts that incorporate early warning score (EWS) systems are designed to 'track' signs of deterioration and 'trigger' a rapid response. Published studies of EWS systems are of limited benefit if reporting of these studies is inadequate. Reporting guidelines are recommended to improve the quality of reporting.
INTRODUCTION
Nurses in general wards are responsible for the monitoring of patients' vital signs and escalation of care to high dependence care levels. However, acutely ill patients are increasingly being nursed in general wards where it is reported that vital signs' monitoring is infrequent and inadequate (Johnstone et al., 2007 , Zimlichman et al., 2009 ). Nurses' responses to patients'clinical deterioration are reportedly also inappropriate (NHS NPSA, 2007) and delayed (Calzavacca et al., 2010 , Calzavacca et al., 2008 despite changes in respiratory rates occurring six (Subbe et al., 2003) to eight hours before cardiopulmonary arrest. The delays are happening even though early interventions have been found to improve patient outcomes (Cioffi, 2000a) .
According to Reason (2000) , 70-80% of adverse events (AEs) in complex health care systems may be due to human error. Error may be reduced or curtailed by implementing structures for recognition of early warning signs with regard to clinical and physiological deterioration and appropriate algorithms for response (Wilson et al., 1999) . Observation charts that incorporate early warning or modified early warning scoring (EWS/MEWS) systems (Kyriacos et al., 2014) and callout algorithms are bedside score and track-and-trigger systems: a total score is calculated to facilitate early recognition of a patient's deterioration.
In the UK a standardized National Early Warning Score (NEWS) system has been advocated (Royal College of Physicians, 2012) for monitoring six parameters (respiratory rate, oxygen saturations, temperature, systolic blood pressure, heart rate and level of consciousness) to improve patient outcomes. Having a system of 'tracking' early clinical and physiological deterioration in a patient and 'triggering' a predetermined reporting algorithm by specially trained nurses ought to benefit patients as this should improve patient safety by reducing the incidence of in-hospital deaths.
EWS/MEWS systems are used in conjunction with nurses' clinical judgement. Clinical signs such as skin tone, sweating, nausea or nurses' intuitive assessment of the patient being 'just not right' and 'looking unwell' (Cioffi, 2000b) should be monitored regularly to limit avoidable, serious adverse events (SAEs) such as cardiac arrest, urgent and unanticipated admission to an intensive care unit (ICU) or even death. In addition to obvious ethical considerations, authorities in the developed world are concerned at the increasing number of claims for malpractice associated with SAEs (Mello et al., 2003) .
There are published observational studies (NHS NPSA, 2007 , Wilson et al., 1999 ) and before and after evaluation studies (Reason, 2000) but only one randomized controlled trial (RCT) (Kyriacos et al., 2015) on the implementation and evaluation of MEWS training programs and recording systems. Published studies and reviews of EWS systems are of limited benefit if reporting of these studies is inadequate.
By 1996 there were concerns about the suboptimal reporting of published studies in general and of meta-analyses of RCTs in particular , limiting the use of study findings for developing clinical guidelines and in further research. In 1996 an international group developed guidelines, the QUOROM Statement (QUality Of Reporting Of Meta-analyses), focussing on the reporting of meta-analyses of RCTs (Moher et al., 1999) . In 2005 these guidelines were revised and renamed PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) to improve reporting of meta-analyses and systematic reviews . Reporting guidelines enable researchers to report key aspects of research studies accurately and fully. In 2008, the EQUATOR (Enhancing the QUAlity and Transparency of Health Research) Network was launched (EQUATOR, 2013) to support wider practical implementation of reporting guidelines to increase the ease of use and value of health research for many different study designs.
Peer reviewers are encouraged to use reporting guidelines to enhance the utilisation of studies in clinical practice and in further research (Hirst and Altman, 2012) . Examples of reporting guidelines for various types of studies (EQUATOR, 2013) are presented in Table 1 . This article is a critical appraisal of the adequacy of reporting of all study designs and reviews describing the use of EWS and modified EWS (MEWS) systems for detecting deterioration in adult patients in general medical and surgical wards using full text publications in English from 1 May 2007 to 23 May 2015. The search strategy was guided by keywords to identify relevant sources. The structure of the paper was guided by the published literature on critical appraisal of articles (Dechartres et al., 2011 , Monaghan, 2015 .
METHODS

Searching for relevant articles
Electronic and additional searches are described as well as data extraction and statistical analysis.
Electronic search
An extensive electronic search was conducted by a single reviewer (Monaghan, 2015) (Odell et al., 2009 ).
For the PubMed search there were no MeSH terms corresponding to articles assessing the adequacy of published studies on EWS systems. Therefore all articles that met the inclusion criteria (Table 2) were searched using the seven keywords. Limits were set for the PubMed search and for Cinahl (EBSCOHost) and articles were not included if they were not in English, not peer reviewed, if no full text was available, if they were published before 2007, if they were in the format of a report, a response, editorial or thesis, if they were duplicates and if exclusion criteria were met (Table 2) . For the Cochrane search, the Database of Systematic Reviews was searched (Issue 1 of 12, January 2016) using the seven keywords.
Search strategy inclusion and exclusion criteria
Inclusion and exclusion criteria for the search strategy are presented in Table 2 . 
Additional search
The "related articles" option on PubMed was searched (albeit in a limited fashion )for additional relevant studies. A further Cochrane search was conducted in the Database of Systematic Reviews (Issue 1 of 12, January 2016), but not included in Table 2 , using the indexing terms: "critical appraisal" and the Database of Abstracts of Reviews of Effects (DARE) for the terms "adequacy and reporting".
Selection of relevant articles
Titles and abstracts of articles from keyword searches were screened for relevance. If full texts of relevant articles were available, in English and published between 1 May 2007 and 23 May 2015, these were included. Exclusion criteria were applied as listed in Table 2 and these refer to studies about EWS but not about vital signs, EWS/MEWS used outside adult general wards, reports, editorials or protocols on EWS/MEWS and if a study reported the use of EWS/MEWS by non-nurses.
Data extraction
In this section three steps of the data extraction process are explained and the results for each are presented in Tables 3, 4 and 5 respectively.
Grouping studies by research design, use of reporting guidelines and assessment of adequacy of reporting using a specific reporting guideline A simple table was generated for grouping all eligible studies by methodological similarities, for assessing the use of a reporting guideline for studies on EWS/MEWS systems (yes/no; if yes, the name) and date of publication. Where the study design was not reported this was interpreted from the data.
Methodological characteristics of the studies reviewed
This included reporting the search strategy, use of experts, review method employed, how relevant references were selected, a flowchart of the selection of articles, results for each search, consensus between assessors, interrater agreement, meta-analysis performed, inclusion and exclusion criteria and reasons for exclusion of references.
General characteristics of the selected studies (if not included in reporting guideline and if no reporting guideline used)
General characteristics of the selected studies were used for evaluating the overall quality of the study reporting and this was particularly useful if reporting guidelines were not used. This included reporting the type of journal in which the study was published (Nursing or Medical/General/Other), whether statisticians were listed among the authors or if statistical assistance was reported, funding source, type of clinical area reported and physiological parameters that were measured with the EWS/MEWS.
Statistical analysis
The analysis was descriptive. Data were summarized as frequency and proportions (%).
RESULTS
Search strategy
A flowchart of the selected articles is shown in Figure 1 . Of the 657 references identified from search terms, 596 articles were excluded after applying exclusion criteria, leaving 61 articles for assessment. Of the excluded articles the majority (n=503, 84.4%) were not studies about the use of EWS/MEWS for clinical deterioration in general wards. The search strategy is shown in Supplementary Information SI.
The additional search conducted in the Cochrane Database of Systematic Reviews using the indexing terms "critical appraisal" identified 18 references, and a search in DARE for the terms "adequacy and reporting" identified 79 references in Methods Studies and 212 in Trials. All references were excluded as not relevant to the seven key words. Table 3 show the study design (where reported or if not reported this was deduced from the methodology) (Grimes and Schulz, 2002) , date of publication and use of a reporting guideline (yes/no) for studies on EWS/MEWS systems. The study designs listed in Table 3 are arranged according to reviews, followed by clinical studies organized according to two general categories: experimental and observational (Grimes and Schulz, 2002) . Six of the 61 (9.8%) studies were reviews. The remaining 55 clinical studies on the use of EWS/MEWS systems for detecting deterioration in adult patients in general medical and surgical wards were mostly observational (46/55, 83.6%) rather than experimental (9/55, 16.4%). Most of the studies (54/61, 88.5%) were published after 2010 and all the studies using reporting guidelines were published after 2010.
Use of reporting guidelines for assessment of adequacy of reporting
Data in
Four (6.6%) reporting guidelines listed on the EQUATOR Network website were used in the reviewed studies on EWS/MEWS systems: PRISMA and QUADAS for systematic reviews, CONSORT for a RCT and STROBE for an observational study. One systematic review reported use of the Scottish Intercollegiate Guidelines Network (SIGN) grading system. Another systematic review reported use of the Modified Quality in Prognosis Studies (MQiPS) assessment tool and selected guidelines developed by the Agency for Healthcare Research and Quality. Flow diagrams for study recruitment and analysis were used in four observational studies, three between 2011 and 2015.
Methodological characteristics of the studies
None of the clinical studies reported a search strategy for the reviewed literature. Data presented in Table 4 therefore refer only to the search strategies for reviews (n=6). Electronic searches included mostly EBSCOHost: Cinahl (5/6, 83.3%), MEDLINE and The Cochrane Library/Central Register of Controlled Trials databases (4/6, 66.7%) respectively. Four of the six reviews (66.7%) reported references for systematic reviews, how relevant references were selected and that two or more persons independently selected the references. Three reviews (50.0%) reported the use of experts.
A flowchart of the selection of articles was reported in three of the six reviews (50.0%) and results for each search were reported in four of the reviews (66.7%). Consensus between assessors was reported in three of the six reviews (50.0%) and one review (16.7%) reported interrater agreement.
No meta-analyses were reported in the reviews. Inclusion criteria were reported in all six reviews and exclusion criteria in five reviews (83.3%) while reasons for exclusion of references were reported in four (80.0%) reviews.
General characteristics of the selected studies
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DISCUSSION
A critical appraisal is intended to assist reviewers and readers to assess the adequacy of published study methods (Altman, 2013) . A review of the literature resulted in no evidence of a critical appraisal of the reporting of published clinical studies on EWS/MEWS systems for detecting deterioration in adult patients in the general medical and surgical wards. Checklists for critical appraisals are available (Altman, 2013 , Dissemination, January 2009 ) but for the purpose of this critical appraisal, criteria used for assessing the quality of reporting in reviews of RCTs (Dechartres et al., 2011) seemed the most comprehensive and were adapted. Results show that most EWS/MEWS studies conducted in general wards were published after 2010 and in the category of observational designs. Some authors did not report the study type and this had to be deduced from the methodology (Grimes and Schulz, 2002) . Few reporting guidelines were used in the published literature on EWS/MEWS systems.
Reporting guidelines are intended to help authors prepare better manuscripts and to assist peer reviewers to assess them (Hirst and Altman, 2012) , particularly as it is reported that much published health care research is not useful, may be misleading, wasteful and even harmful (Simera et al., 2010, Chalmers and Glasziou, 2009) . The studies on the use of reporting guidelines for the current critical appraisal were all published after 2010. Systematic reviews are guided by a strict scientific design to identify, evaluate and summarise the findings of relevant individual studies to provide more reliable estimates about the effects of interventions, thereby limiting the bias, methodologically flawed and context dependency associated with individual studies (Dissemination, January 2009 ). Two of four systematic reviews on EWS/MEWS systems used reporting guidelines listed on the EQUATOR Network: PRISMA (Alam et al., 2014) and QUADAS (Storm-Versloot et al., 2014) . One systematic review (McNeill and Bryden, 2013) reported use of the Scottish Intercollegiate Guidelines Network (SIGN) grading system. In another systematic review authors (Smith et al., 2014) had adapted criteria in the Modified Quality in Prognosis Studies assessment tool for studies addressing predictive ability. For trials addressing health outcomes, components of the methods guide developed by the Agency for Healthcare Research and Quality were used. Neither the integrative review (Mapp et al., 2013) nor the narrative review (Kyriacos et al., 2011) alluded to the use of a reporting guideline.
Most reviewed clinical studies on EWS/MEWS systems did not use reporting guidelines. The only RCT of a MEWS system (Kyriacos et al., 2015) located in the published literature used the CONSORT (Campbell et al., 2004) reporting guideline. One observational study (Kyriacos et al., 2014) used the STROBE reporting guidelines. Flow diagrams of study recruitment and analysis were seldom used, making interpretation of the data difficult for replication and its usefulness for further research and practice questionable. Journals and publishers are therefore encouraged to increase awareness and to utilise reporting guidelines in their peer review process (Hirst and Altman, 2012 ).
Most of the reviewed studies were published in non-nursing journals, yet the monitoring, recording and interpretation of patients' vital signs is essentially a nursing responsibility (Hogan, 2006, Kisiel and Perkins, 2006) particularly as acutely ill patients are increasingly being nursed in general wards. An improvement in the quality of reporting of EWS studies should contribute towards improved evidence for improved vital signs monitoring practice and robust critical appraisal (Riegelman, 2013) of EWS studies. Improved practice includes an improvement in the nurses' clinical reasoning (Tanner, 2006) so that responses to clinical deterioration are not inappropriate (NHS NPSA, 2007) or delayed (Calzavacca et al., 2010 , Calzavacca et al., 2008 .
All the reviews reported a search strategy, but none of the clinical studies did so. Electronic searches included mostly CINAHL, MEDLINE and The Cochrane Library/Central Register of Controlled Trials databases respectively. This is not surprising as most nursing publications are located in the CINAHL database. It is encouraging that more than half the reviews reported references for systematic reviews, how relevant references were selected, results for each search and that two or more persons independently selected the references. Half the number of reviews reported the use of experts for the search strategy, a flowchart of the selection of articles and consensus between assessors. Experts are valuable as they may also be able to supply information about unpublished or ongoing research (Dissemination, January 2009 ). Interrater agreement was poorly reported in the reviews. Inclusion and exclusion criteria as well as reasons for exclusion of references were well reported in the reviews. A meta-analysis combines the results of individual studies thereby increasing power and precision in estimating intervention effects (Dissemination, January 2009) . No meta-analyses were reported in the reviews, justifying concerns about the suboptimal reporting of published studies in general and of meta-analyses of RCTs in particular . A funding source was not reported in the majority of the studies. The influence of funding on reporting of research results is beyond the scope of this paper.
Most studies were conducted in general wards. A range of physiological parameters were reported but most of the studies reported respiratory rate, oxygen saturation, supplemental oxygen, heart rate, systolic blood pressure, temperature and level of consciousness. Clinical signs of deterioration (pallor, sweating, looking unwell) are very important as the MEWS does not replace the nurses' clinical judgement. Clinical signs of deterioration are incorporated into some MEWS charts although not scored (Kyriacos et al., 2011) so it was disappointing to find that only four studies reported being worried about the patient's condition.
LIMITATIONS
At review level limitations include restricting the search to English language papers (McNeill and Bryden, 2013) . Increasingly, EWS/MEWS systems are being implemented in developing countries (Rylance et al., 2009 , Kyriacos et al., 2014 , Zhu et al., 2015 and the non-English speaking world (Walcher et al., 2012) thereby underrepresenting the published literature from these countries in the review. The majority of the excluded articles were not studies about the use of EWS/MEWS system for clinical deterioration in general wards and a finer search strategy may have eliminated non-relevant references.
While there are published reviews undertaken by one reviewer (Monaghan, 2015) a more robust review includes two or more persons independently reviewing the references (Alam et al., 2014, McNeill and Bryden, 2013) . Such persons should have a range of skills so that measures to minimize bias and error can be implemented at all stages of the review (Dissemination, January 2009 ).
CONCLUSIONS
Reporting of published studies on EWS systems reviewed for this critical appraisal, with the exception of reviews, was inadequate as most did not use reporting guidelines, thus limiting the use of study findings for developing clinical guidelines for teaching and in further research. Results suggest that future research on EWS systems in general hospital wards should be led and undertaken by nurses and should focus on experimental and intervention designs. In addition, nurse researchers, publishers and journals should be encouraged to use reporting guidelines to improve the quality of reporting studies. More robust reporting of EWS studies should improve the number and quality of reviews of such studies.
